It is well known that patients who undergo radical surgical correction for tetralogy of Fallot (TF) are at increased risk for subsequent sudden death.1-5 Previous investigators speculated on the relation between conduction disturbances and sudden death in these patients during the late postoperative period.67 Recently, ventricular tachycardia (VT) has been implicated as a possible cause of sudden death in this patient population, [8] [9] [10] [11] [12] [13] and surgical treatment for VT has been performed.89,12 13 Little is known, however, about the electrophysiological mechanism of VT associated with TF. In addition, there are no histopathological studies examining the ventricular reentry circuit of the VT. In this report, we describe the surgical findings as well as the results of epicardial mapping and histopathological examinations in patients with VT after surgical repair of TF. respectively. There was evidence of mild tricuspid regurgitation in one patient. The left ventricular (LV) ejection fraction was 65%, 59%, and 79%, respectively (Table 1) .
Electrophysiological Study
Quadripolar electrode catheters (USCI) with an interelectrode distance of 5 to 10 mm were used for intracardiac recording and programmed stimulation. Under fluoroscopic guidance, four catheters were introduced from the femoral vein to the right atrium, His bundle, RV apex, and RVOT. One to three extrastimuli were used to induce VT at the two sites of the RV. If VT was unable to be induced from the RV, programmed stimulation was performed from the LV. After the induction of monomorphic sustained VT, the site of origin of VT was mapped as the earliest site of activation (Table 2 ).
Intraoperative Mapping
With the patients under general anesthesia, a median sternotomy was performed. A mat electrode, which included 15 pairs (patient 1) or 24 pairs (patients 2 and 3) of bipolar electrodes with 2-mm interelectrode distances, was placed on the surface of the RV, and local electrograms were recorded simultaneously.14 A Mingograph 82 (Siemens-Elema AB Sweden) and a Computerized Cardiac Mapping System HPM-7100 (Fukuda Denshi-Electric Co Ltd) were used to record potentials and to process and display the data. The local electrograms and the activation sequence were obtained at the RVOT during sinus rhythm and episodes of VT.
Surgical Procedure
After epicardial mapping was completed, moderate hypothermic extracorporeal circulation was begun via ascending aorta and bicaval cannulation. Cold cardioplegic solution was then infused after aortic crossclamping. Based on the epicardial mapping, the origin of the VT foci within the RVOT was then resected. A cryoprobe was inserted after resection through the myocardial incision, and cryoablation of the surrounding tissue was performed for 2 minutes at -70°C. In patient 1, the ventricular septum was cryoablated because preoperative electrophysiological studies had revealed that the VT foci originated from the ventricular septum close to the RVOT. The myocardial defect was closed using a Gore-Tex (W.L. Gore & Associates, Inc) patch in one patient and directly in the other two patients (Table 3) .
Histopathological Examination
Each myocardial specimen removed from the RV was fixed in 10% buffered Formalin. After dehydration and paraffin embedding, complete serial sections 5 or 7 ,um thick were obtained and stained with hematoxylin and eosin, azan, and elastica-van Gieson's for microscopical observation.
Results

Preoperative Mapping
In all three patients, VT was induced by programmed extrastimulation. All episodes of inducible VT (Fig 1) . In patient 2, epicardial mapping revealed that the wave front also revolved around the scar in a clockwise fashion during VT (Fig 2) .
In patient 3, aneurysmal dilatation was noted along the horizontal incision line of the RV. During VT, diastolic delayed potentials were recorded in this area, and a clockwise macroreentrant circuit was mapped around the prior right ventriculotomy scar (Fig 3) .
Surgical Results
There were no surgical or postoperative deaths. Three months after surgery, one patient developed VT that was slow and had a different configuration from the previous preoperatively documented clinical VT The sizes of RV free wall specimens resected during the operations ranged from 8x20 to 34x38 mm. In patient 1, the RVOT wall around the scarred suture line of the previous operation showed diffuse endocardial fibroelastosis, transmural prominent adiposis, and mild fibrosis, which invaded the myocardium and replaced almost 50% of the myocytes. The surviving myocytes formed isletlike groups that were connected to each other with a few small myocyte branches and were irregularly scattered in the middle layer of the RV wall (Fig 4) . The myocytes showed swelling, myofibrillolysis, vacuolation, focal necrosis, disarray, and hypertrophy, and there was focal infiltration of lymphocytes, plasma cells, eosinophil leukocytes, macrophages, and polynuclear giant cells around the myocyte islets (Fig 5) .
The RV wall of patient 2 showed histological features around the operation scar similar to those of patient 1, ie, adiposis, fibrosis, cell infiltration, myocyte islet formation, degeneration, disarray, and hypertrophy (Fig 6) .
The kinds of infiltrating cells were almost the same as for patient 1, but eosinophilic leukocytes were more numerous, and some of them showed degeneration. At the site of midsystolic activity, both degenerated and normal myocytes were surrounded by fibrous and fatty 11. In patient 3, histological features similar to those of patients 1 and 2 were seen. Myocytes in the islets, surrounded by thick fibrous and/or fatty tissue, showed severe degeneration such as edematous swelling, vacuolation, and deposition of protein debris. Endocardial and subendocardial fibroelastosis and fibrosis were most prominent in patient 3 (Fig 7) .
Discussion
Patients who undergo surgical repair for TF are known to be at increased risk of sudden death in the late postoperative period. VT, which occurs with higher frequency in patients after surgical repair of TF, is considered to be the major cause of sudden death in this patient population.1-5 '15 In a multicenter study of 359 surgically treated patients with TF,16 sustained VT was noted in 33 patients (9.2%). These patients differed significantly from the VT-free patients with respect to their age at the time of surgical repair of TF (VT, 6 .9+3.8 years; VT free, 4.2±3.0 years). In our patients, VT occurred at an average of 8.7 years after surgical repair of TF. The radical surgical correction was performed at a mean age of 3.7 years, slightly younger than that of the patient group studied by Chandar et al. 16 It has also been noted that the risk of sudden death after surgical correction of TF was related to postoperative hemodynamics. Garson Responses to Si were conducted from the right ventricular apex to the outflow tract, which were blocked in the scarred area. Two wave fronts were conducted along both sides of the scar and collided at 160-millisecond isochronal lines in distal to the conduction block. In response to S2 and S3, the area of conduction block widened, and the conduction delay increased. In response to S3, two wave fronts along the septal margin and the lateral margin of scar reached an area and at 220 milliseconds emerged at the septal margins, and initiated the first beat of the ventricular tachycardia (V1 Deanfield et a128 observed myocardial fibrosis in patients who died suddenly after repair of TF, and they suggested that the histological abnormality would provide a basis of slowing of conduction that would favor the development of reentrant circuit. Hegerty et al29 reported that the amounts of myocardial fibrosis of the RVOT in patients with TF younger than 1 year did not differ from those in healthy control subjects but that the patients more than 5 years old had significantly increased fibrosis. Transatrial approach and early radical treatment of TF were recommended to circumvent the histopathological change.29,30 From histological examination of our cases, we considered fibrosis and adiposis in RVOT to be closely related to the mechanism of VT. Therapeutic Option An alternative to surgical resection for the treatment of VT is catheter ablation. 31 However, radiofrequency catheter ablation can create only small areas of injury (<2-mm diameter).32 Thus, treatment of VT with this technique is limited and generally used only after surgical repair of TF. Although direct current electrical shock has been used for ablation in certain cases,.717 '8 it is occasionally associated with serious complications. Garson17 reported patients developing shock and dying due to electromechanical dissociation immediately after ablation.
Downar et a113 reported on the implantation of an implantable cardioverter-defibrillator to treat VT in this patient population. This therapy appears, however, to be a final resort in patients who were unable to be treated by other direct interventions.
In conclusion, our study suggests that surgical resection is a reliable form of therapy for patients developing VT after surgical repair of TF.
